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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a nonaqueous 
electrolyte secondary battery improved in overdischarge 
cycle performance. 

SOLUTION: This nonaqueous electrolyte secondary 
battery is provided with an outer material 2, a positive 
electrode stored in the outer material 2, a negative 
electrode stored in the outer material 2, and a 
nonaqueous electrolyte stored in the outer material 2. 
The negative electrode comprises a current collector 
formed of aluminum or an aluminum alloy, and as 
negative electrode layer supported by the current 
collector and containing at least one kind of negative 
electrode active material selected from a group of metal, 
an alloy and a compound for storing and releasing 
lithium. 
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JP 2002-042889 (Partial Translation) 

"Non-aqueous electrolyte secondary battery" 

[Claim 1] 

A non-aqueous electrolyte secondary battery 
comprising an outer material, a positive electrode stored in 
said outer material, a negative electrode stored in said outer 
material, and a non-aqueous electrolyte stored in said outer 
material, 

wherein said negative electrode includes a current 
collector made of aluminum or an aluminum alloy, and a 
negative electrode layer carried on said current collector and 
containing at least one kind of negative electrode active 
material selected from a group consisting of a metal, an alloy, 
and a compound that absorbs and desorbs lithium. 

[0013] 

Examples of the positive electrode active material 
mentioned above include a variety of oxides such as manganese 
dioxide (Mn0 2 ) , lithium-manganese composite oxide' (e.g. LiMn 2 0 4 , 
LiMn0 2 ) , lithium-nickel composite oxide (e.g. LiNi0 2 ) , lithium- 
cobalt composite oxide (e.g. LiCo0 2 ) , lithium-nickel-cobalt 
composite oxide (e.g. LiNii_ x Co x 0 2 , wherein 0<x<l, x is molar 
ratio), lithium-manganese-cobalt composite oxide (e.g. 
LiMn x Coi_ x 0 2 , wherein 0<x<l, x is molar ratio) , and vanadium 
oxide (e.g. V 2 0 5 ) . Also, as the positive electrode active 
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material, it is possible to use an organic material such as a 
conductive polymer material and a disulf ide-based polymer 
material. Preferable positive electrode active materials are 
lithium-manganese composite oxide (LiMn 2 0 4 ) , lithium-nickel 
composite oxide (e.g. LiNi0 2 ) , lithium-cobalt composite oxide 

(e.g. LiCo0 2 ) , lithium-nickel-cobalt composite oxide (e.g. 
LiNio.8Coo.2O2) and lithium-manganese-cobalt composite oxide 

(e.g. LiMn x Coi_ x 0 2 ) . 

[0017] 

The positive electrode is prepared, for example, by 
suspending a positive electrode active material, a conductive 
agent and a binder in an appropriate solvent, applying this 
suspension onto a current collector of an aluminum foil and 
the like, and then drying and pressing the same. 
[0018] 

2) Negative electrode 

A current collector of this negative electrode is 
aluminum or an aluminum alloy. As the aluminum alloy, those 
containing at least one metal component selected from the 
group consisting of Mg, Mn, Cr, Zn, Si, Fe and Ni are 
preferable. The current collector made of such aluminum alloy 
can be made thinner because it has an improved strength. 

[0029] 

Examples of the porous separator include a porous 
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film comprising polyethylene, polypropylene , cellulose or 
polyvinylidene fluoride (PVdF) , and non-woven fabric made of 
synthetic resin. ,Among these, a porous film comprising 
polyethylene or polypropylene, or both of them is preferable 
because it can improve the safety of a secondary battery. 

[0032] 

Examples of the organic solvent mentioned above 
include cyclic carbonates such as ethylene carbonate (EC) , 
propylene carbonate (PC) and vinylene carbonate (VC) , chain 
carbonates such as dimethyl carbonate (DMC) , methyl ethyl 
carbonate (MEC) and diethyl carbonate (DEC) , cyclic ethers 
such as tetrahydrofuran (THF) and 2-methyl tetrahydrofuran 
(2MeTHF) , chain ethers such as dimethoxye thane, and y- 
butyrolactone (BL) . These organic solvents can be used singly 
or in a mixture of two or more thereof. 

[0044] 

As in the present invention, when a current collector 
made of aluminum or an aluminum alloy is used, by emplying a 
metal, an alloy or a compound that absorbs and desorbs lithium 
as a negative electrode active material, the lithium 
absorption potential (versus Li electrode) of the negative 
electrode active material is higher than the formation 
potential of lithium-aluminum alloy; therefore, the reaction 
of the current collector with lithium can be inhibited and the 
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pulverization of the negative electrode current collector can 
be inhibited. In consequence, a non-aqueous electrolyte 
secondary battery having a high capacity and maintaining a 
long life even in overdischarge cycles. 

[0048] 

(Example 1) 

<Manufacture of positive electrode> 
First, 91% by weight of a powder of lithium-cobalt 
oxide (LiCo0 2 ) as a positive electrode active material, 2.5% 
by weight of acetylene black, 3% by weight of graphite and 4% 
by weight of polyvinylidene fluoride (PVdF) were mixed in N- 
methylpyrrolidone (NMP) and made into a slurry. This slurry 
was applied onto both surfaces of a current collector made of 
an aluminum foil having a thickness of 15 pm, and subsequently 
dried and pressed to produce a positive electrode having an 
electrode density of 3.0 g/cm 3 . 
[0049] 

Manufacture of negative electrode> 

Li 4 /3Ti 5 /304 as a negative electrode active material, 
graphite as a conductive agent, and polyvinylidene fluoride 
(PVdF) were mixed in N-methylpyrrolidone (NMP) solution in a 
weight ratio of 90:5:5. The obtained slurry was applied onto 
an aluminum foil having, a thickness of 15 |im, and subsequently 
dried and pressed thereby to produce a negative electrode. 
[0050] 
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<Manufacture of electrode group> 

The positive electrode described above, a separator 
made of a porous film of polyethylene having a thickness of 25 
pin, the negative electrode described above, and the separator 
described above were laminated in sequence and then wound in a 
spiral form. Next, this was thermally pressed at 90°C to 
produce an electrode group in a flat form having a width of 30 
mm and a thickness of 3.0 mm. The obtained electrode group 
was housed in a package made of a laminate film having a 
thickness of 0.1 mm constituted by an aluminum foil having a 
thickness of 40 pm and polypropylene layers formed on both 
surfaces of the aluminum foil, and this was vacuum dried at 
80°C for 24 hours. 
[0051] 

<Preparation of liquid non-aqueous electrolyte> 
A liquid non-aqueous electrolyte was prepared by 
dissolving 1.5 mol/L of lithium tetraf luoroborate (LiBF 4 ) as a 
solute in a mixed solvent of ethylene carbonate (EC), y- 
butyrolactone (BL) , and vinylene carbonate (VC) (volume ratio 
24:75:1) . 
[0052] 

After the liquid non-aqueous electrolyte was poured 
into the laminate film package housing the electrode group, 
the package was completely sealed by heat seal, thereby to 
produce a non-aqueous electrolyte secondary battery having the 
structure as shown in FIG. 1 and having a width of 35 mm, a 
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thickness of 3.2 mm and a height of 65 mm. 
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